ABSTRACT The dust content and composition of lesions and hilar lymph nodes from the lungs of British coalworkers have been examined. Samples of macules, fibrotic nodules, and massive fibrosis (both peripheral and central sites) were dissected from 49 lungs. The highest mean dust concentrations (about 20%) were found in nodules and massive fibrosis. Overall there were no significant differences between the selected lesion types and their respective whole lung dust composition, although the central sites of massive fibrosis were found to contain on average a higher proportion of coal and a lower proportion of ash and its measured constituents, quartz and kaolin plus mica, than the edge of the lesion (p < 0-001 for each component). There were striking differences between recovered lung and lymph node dusts. An examination of 180 specimens showed a mean quartz in lymph node dust of 20-3% compared with 611% in lung dust. As expected the proportion of quartz was greater in lymph nodes and lungs from men who had worked "low" rank (high ash) coal. 
Pathological and mineralogical studies of lungs from British coalminers employed at colleries included in the National Coal Board's Pneumoconiosis Field Research have been reported by Davis et al' and Ruckley et al.2 They showed that, on average, the mass and composition of dust retained in lungs varied according to both the rank of coal mined and the extent of pathological response to that dust. In general, subjects showing progressive massive fibrosis (PMF) retained more dust per unit increase in dust exposure than those showing less severe disease. For some, particularly those with pneumoconiosis who had worked low rank coal, the proporion of ash components in lung dust was greater than would be expected from the composition of respirable dust. Wagner et al found that, within a lung, coal content of tissue was greatest in the centre of an area of massive fibrosis.3 In addition there is experimental evidence that quartz is preferentially transferred to lymph nodes.46
Materials and methods

SELECTION OF LUNGS
The original necropsy study included 500 sets of lungs with a measure of lung dust content available for 490 of these specimens. In the course of the study one lung from each pair was retained in store, the other having been used in determining the overall dust burden.
Forty nine of the retained lungs were chosen for the present work because they contained a sufficient number and variety of lesions for examination. Care was taken to include examples of exposure to the various ranks of coal mined.
During the latter half of the necropsy study, lymph nodes, when available, were dissected from the hilum of the lung and analysed separately. Hilar 552 M-Showing macules only, F-Containing one or more nodules as defined above, and PMF-Showing, in addition to macules and nodules, one or more lesions of 10 mm or greater in size. In addition, specimens were divided into "high" and "low" rank groups depending on the rank of coal mined at the pit where each man had worked, the carbon content of the coal being above or below 88% carbon respectively.
DUST RECOVERY AND ANALYSIS
The lesions were drained and samples of the same type from a given specimen were bulked when necessary to obtain around 30 mg wet weight for analysis. After drying at 100°C for three days dust was recovered by a method in which the tissue is removed by hydrolysis with 11-3 M hydrochloric acid at 60°C.7 The method was adapted for collection of micro quantities of residue by filtration on to Nuclepore polycarbonate membrane filters (0-4 ,tm pore size). All reagents were filtered before use. The coal content of the lesions was obtained from the weight loss on ashing of the residue dusts. Quantitative analysis for quartz and kaolin plus mica in the ash was carried out by infrared spectrophotometry.8 Several dust samples were prepared by low temperature plasma ashing to confirm that no dehydration of the kaolins had taken place during this step. All the analyses were duplicated. Table 1 shows the number of specimens examined for each type of lesion with the mean and range of recovered dust expressed as a percentage of dried For 11 of the 14 PMF specimens, which were divided into peripheral and central areas, the central area contained a higher proportion of coal and lower proportion of ash and its measured constituents, quartz and kaolin plus mica, than the edge of the lesion (p < 0-001 for each component, analysis of variance) (table 3).
Results
DUST BURDEN
A striking difference was noted between whole lung dust and lymph node dust such that the proportion of coal was lower and that of quartz appreciably higher in lymph nodes than in the lung (table 2) . These observations were explored further in the larger group of 180 specimens from which lymph nodes were dissected. The results reflect those found for 31 subjects in the lesion study. Thus the mean proportion of coal in dust from 180 lymph nodes was 48-6% whereas' the corresponding lung dust showed 63-8% coal. The proportion of quartz in Table 4 Mean percentage composition ofdust recovered from whole lungs and associated lymph nodes for 180 subjects, divided by pathological group and by rank ofcoal mined. -4 (11-4) 56-1 (14-7)
4-3 (2-1) 18-6 ( 7-9) 20-1 ( 8-3)
22-7 ( 7-6) lymph node dust was 20 3 % compared with 6*1% in whole lungs; kaolin plus mica was present in similar proportions in lymph node and lung dust at around 26%. The composition of dust retained in lymph nodes showed the expected pronounced differences between the two broad "rank" groups (table 4) . Nevertheless, the observed differences in lung dust composition over the pathological range for low rank subjects was not seen in the corresponding values for lymph node dust except for kaolin plus mica which, in both rank groups, closely reflects the proportions seen in whole lung dust.
The greater proportion of ash in lymph node dust compared with that in the lungs was therefore almost wholly accounted for by a much higher proportion of quartz in lymph nodes (table 4) .
Comment
In the present study virtually all the men showed the full range of pathological responses to dust in their lungs. The dust concentration trend observed for the various types of lesions analysed in this study is as might be expected. The pattern of greater dust concentration in massive fibrosis and fibrotic nodules when compared with macules also reflects the often diffuse nature of the latter which on dissection would have been expected to include relatively high amounts of associated tissue. Other work, however, suggests that simple dust accumulation cannot explain the wide range of pathological abnormality which may be found for a given lung dust burden. Several factors are implicated in the pathogenesis of PMF, of which two candidates are the composition of the dust to which the men were exposed and the tissue reaction to that dust.
Compositional differences in the recovered lung dust of men from different mining areas are well documented.' 29 10 To a large extent they reflect differences in the dust to which men have been exposed, although it has been observed that retained lung dust may be enriched in terms of ash components or depleted of coal or both, when compared with respirable dust." 12 In the present study a close positive association between lung and lymph node dust was shown for percentage coal, ash, and kaolin plus mica (r = 0.8).
A similar association for percentage quartz was less striking (r = 0.4); we hope that investigation of this relationship with reference to extent of pathological change and rank of coal will help to elucidate the role of quartz in disease development.
